The broadening and shift of the 535.0 nm thallium line resulting from the photodissociation of thallium iodide perturbed by helium, neon and argon were investigated at low densities using a photoelectric Fabry-Perot interferometer. The Doppler and collision broadening components of the line profiles have been determined. Linear variations of both the Lorentzian half-width and the shift of the line with the perturbing gas density were found and interpreted in terms of Van der Waals and Lennard-Jones potentials.
Introduction
This paper reports measurements of the shape, width and shift of the 535.0 nm fluorescence line of thallium resulting from the photodissociation of thallium iodide molecules perturbed by helium, neon and argon. The broadening and shift of this line due to collisions with noble gas atoms have been studied by Cheron at al. [1] . Their experiment was carried out on the fluorescence light emitted from a natural thallium vapour mixed with a noble gas and with a grating spectrograph, so that rather high foreign gas pressures (500-1500 Torr at temperature 743 K) could be used. In this pressure region, however, some objections to the applicability of the impact theory of line broadening [2, 3] may be raised since significant deviations of experimental fine profiles from the Lorentzian profiles were found by Cheron et al. [ 
Experimental
The experimental arrangement and the line profile analysis were identical with those used in our previous investigations of the broadening and shift of the 535.0 nm T1 line by krypton and xenon [4] and by molecular hydrogen [5, 6] and deuterium [7] . The atomic fluorescence of thalium was excited by the photodissociation of thallium iodide molecules due to the irradiation of the Til vapour with ultraviolet light of an r. f. electrodeless mercury discharge lamp. The line profiles were analysed using a grating spectrograph and a Fabry-Perot etalon with 1.204 cm spacer and dielectric coatings. The etalon which was pressure scanned [8, 9] resolved the hyperfine structure into two components, separated by the 7 s 2 SI /2 T1 level interval of 0.42 cm" 1 . The intensity distribution was monitored using a photomultiplier in the photon counting mode. The numerical methods of the analysis of line profiles were described in our previous work [4] [5] [6] [7] . A low pressure r.f. electrodeless thallium discharge lamp was used as the reference source in the line shift measurements. All measurements were performed at the temperature 733 K for various densities of the perturbing gas up to about 4 x 10 18 cm -3 (this corresponds to foreign gas pressures up to 100 Torr at temperature 273 K).
Results and Interpretation
For all densities of the perturbing gas used in the present experiment we have found that the non-0340-4811 / 81 / 0800-0802 5 01.00/0. -Please order a reprint rather than making your own copy. instrumental component of the measured shape of the 535.0 nm T1 line emitted due to the photodissociation of Til can be fitted well to a Voigt profile, i.e. the convolution of the Lorentzian and Gaussian profiles. The half-widths of the Lorentzian and Gaussian components of the Voigt profile were determined using a method proposed by Ballik [10] combined with a least squares method. estimate the additional Doppler broadening arising from the recoil of the excited T1(7 2 SI/2) atom after photodissociation of the TIL molecule. As was shown by Zare and Herschbach [11] in the general case the Doppler shape of fluorescence lines emitted by a fragment atom excited due to the photodissociation of the parent molecule may differ significantly from the Gaussian profile. However, in the case of excitation by unpolarized light the Zare and Herschbach theory predicts profiles which resemble very much to the Gaussian profiles as they are found in the present work.
Doppler Broadening Parameters
We should emphasize that at very low pertubing gas densities the Gaussian half-widths are always greater than the average value yjy • For the Til cell with no perturbing gas we found at 733 K the same value yD = 0.0573 cm -1 as in our previous measurements [3] [4] [5] [6] [7] . This value is 12% greater than the average value yn for TlI-f-He, 13% greater than y-o for Tll + Ne, 16% greater than yD for Tll + Ar, 26% greater than y D for Tll + Kr and 26% greater than y D for Tll + Xe.
Lorentzian Broadening and Shift Parameters
In Fig. 2 the Lorentzian half-widths yL of the 535.0 nm T1 fine emitted from the thallium iodide cell are plotted against the density of perturbing gas. As can be seen for all perturbing gases the Lorentzian half-widths depend linearly on the density according to the relation 7l = yo + yi + ßN, (1) where N is the perturber density and ß is the pressure broadening coefficient related to the interaction between the radiating Tl-atom and the perturbing atom. In Eq. (1) 
where d denotes the pressure shift coefficient corresponding to the interaction of the radiating T1 atom with the perturbing atom. In Eq. (2) the quantity A a comprises the residual shift due to the interaction between the radiating T1 atom and the Til molecule, the shift of the line in the reference source and that resulting from the numerical data analysis. In our experimental conditions we found A 0 = -0.0017 cm -1 at the temperature 733 K.
As can be seen in Fig. 3 neon and argon produce a red shift (minus sign) of the 535.0 nm T1 line. On the other hand, a shift towards the blue (plus sign) is observed when helium is used as the perturbing gas.
The values 6 of the pressure shift coefficient determined from the slopes of the straight lines shown in Fig. 3 are listed in Table 2 , where they are compared with the experimental values obtained by Cheron et al. [1] in their studies at perturbing gas densities one order of magnitude higher than those used in the present measurements. 
Interatomic Potential Parameters

In order to interpret our experimental values of
The constants CQ and CI 2 have been calculated using three methods which were thoroughly discussed in our previous paper [4] . The values of the repulsive constant C\ 2 termed as "coul" in Table 3 ried out at perturbing gas densities one order of magnitude higher than those used in our work. In both Tables the columns termed as "van der Waals" represent the theoretical values of ß and <5 obtained from the impact theory for the purely attractive van der Waals potential, i.e. when C 12 = 0. Table 4 contains the comparison of the theoretical and experimental values of the ratio d/ß of the pressure shift to the pressure broadening coefficients. We should mention that in Tables 1-4 the columns termed as "coul" correspond to the Coulomb approximation applied in the calculations of the CQ and C12 force constants.
Discussion
The first conclusion which can be drawn from the comparisons shown in Tables 1 and 2 is that Tables 1, 2 
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